Primary bronchopulmonary carcinoid tumors constitute approximately 1 to 2% of all pulmonary tumors. [1] All bronchopulmonary carcinoids are classified as malignant, despite their slow growth, they can invade and metastasize. They can be histopathologically classified as typical or atypical. Although surgical resection is the standard treatment for pulmonary carcinoid tumors, controversy exists regarding factors that affect survival. Many experiences of surgical management of pulmonary carcinoids have been reported, but there is no clear agreement on its main prognostic factors such as gender, age, smoking status, comorbidity, central versus peripheral localization, T status, histological type, N status, and pathological state.
PATIENTS AND METHODS
The study protocol was approved by the Dr. Suat Seren Chest Diseases and Thoracic Surgery Training and Research Hospital Ethics Committee. A written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki. Patients who underwent anatomic lung resection for typical or atypical carcinoid tumor between January 2005 and December 2016 were retrospectively reviewed. Based on the 2004 World Health organization (WHO) classification, typical carcinoid tumors are defined as <2 mitoses per 10 high power fields, lacking necrosis, and larger than 5 mm. [2] A total of 47 patients diagnosed with pulmonary carcinoid tumor consisted of 21 (44.7%) male and 26 (55.3%) female patients with ages ranging from 23-74 years. Evaluation of the patients included physical examination with pulmonary function tests, standard chest radiograph, total body computed tomography scans, and bronchoscopy. Thirteen patients (27.7%) were asymptomatic at presentation. The most common presentation was evidence of bronchial obstruction (n=19; 40.4%), and 15 patients (32.9%) presented with hemoptysis. None of our patients had evidence of carcinoid syndrome. In total, 17 patients (36.2%) had additional comorbidities (diabetes mellitus, hypertension, coronary artery disease, chronic obstructive pulmonary disease, etc. 
RESULTS
According to histological findings, 40 patients (17 males, 23 females; mean age 50.5 years; range, 23 to 74 years) had typical carcinoid tumors, and seven patients (4 males, 3 females; mean age ?? years; range, 32 to 70 years) had atypical carcinoid tumors. Variations in terms of tumor histology are shown in Table 1 . Thirteen (33%) of the 40 patients with typical tumors and four (57%) of the seven patients with atypical tumors were smokers (overall n=17; 36.2%).
Operations included lobectomy in 38 (80.9%; sleeve lobectomy in 7), bilobectomy in seven (14.9%; sleeve bilobectomy in 1), and pneumonectomy in two patients (4.3%; sleeve tracheal pneumonectomy in 1) ( Table 2) . Non-anatomic resection was not performed in any of the patients. Eleven patients (23.4%) underwent resection using a minimally invasive video-assisted recent approach. All patients underwent complete tumor resection. Systematic lymph node dissection was performed as a standard approach in all patients. The mean number of resected lymph nodes was 13 (range, 6-18) per patient.
The majority of the patients (n=39) were in stage I (IA: 25, IB:14). Six were in stage II (IIA: 1, IIB:5), and two were in stage IIIA. Lymph node metastasis was detected in six cases (4 N 1 , 2 N 2 ). Since radiotherapy may provide potential benefit, particularly in patients with lymph node-positive disease, the six patients with nodal involvement received adjuvant radiotherapy.
Postoperative mortality did not occur. Surgical complications included prolonged air leak (n=1), postoperative hemorrhage (n=1), and the morbidity rate was 4.3%. Pathological studies demonstrated lymphatic spread in six patients (12.8%; four pN 1 and two pN 2 ). In the typical group (n=40), three patients were classified N 1 (7.5%) and one N 2 (2.5%). In the atypical group (n=7), one patient were classified N 1 (14.3%) and one N 2 (14.3%). Overall, four patients with typical histology (10%) and two patients with atypical histology (28.6%) had nodal involvement. A total of 41 patients were free of nodal involvement (87.2%). All patients (n=47) were followed up for a total of 2,444 months with a median observation time of 52 months (mean, 38 months; range, 11 to 146 months). Follow-up ended on October 2017. Five patients died (three from cancer and two from unrelated causes). All three of the patients who died from cancer were atypical carcinoid. The overall five-year survival rate was 88.2% and the mean survival time was 124.4 months (95% confidence interval, 107.4 to 141.3). Five-year survival was 94.4% in typical tumors (n=40), and 55.6% in atypical tumors (n=7; p=0.005) (Figure 1 ). According to N0 status (n=41), five-year survival was 90.5%, and N+ status (n=6), 80.0% (p=0.008) (Figure 2 ). Atypical histology and nodal invasion were found to be significant prognostic factors (Table 3) . Tumor location (central versus peripheric), and stage did not seem to statistically affect survival (Figure 3 and 4) . Five-year survival was 73.5% in male (n=21) and 91.6% in female patients 
DISCUSSION
Because carcinoid tumors are known to be benign for many years, most authors did not perform a systematic lymphadenectomy and the prognostic role of lymph nodal involvement could not be clarified. [3] Universally accepted guidelines and randomized clinical trials still do not exist. Many reports agree that atypical histology is an important prognostic factor related to survival. However, other prognostic factors are not well defined. The aim of this study was to evaluate the prognostic factors affecting survival. We evaluated gender (p= 0.433), age (under and over 50 years; p= 0.474), smoking habits (p= 0.726), comorbidity (p= 0.062), tumor location (central versus peripheral; p= 0.717), and T status (T 1 versus T 2 +T 3 ; p= 0.300), and we did not find any statistical correlation to survival. Only atypical histology (p= 0.005) and nodal invasion (p= 0.008) were significantly correlated with survival. Filosso et al. [3] demonstrated that both atypical histology and lymphatic involvement were independent negative prognostic factors. Aydin et al. [4] also emphasized the histological type and lymph-node involvement to be the most important prognostic factors effecting longterm survival. Nevertheless, Karapınar et al. [5] reported that, contrary to what was expected, N status did not have an effect on survival in their study.
Some studies emphasize a relationship between tobacco use and atypical carcinoids, but whether or not carcinoid tumors are associated with smoking is still a matter of debate. [6] Thirty three percent of patients in our study with typical and 57% with atypical tumors were smokers, and we did not observe a statistically significant difference in terms of survival (p=0.726).
At present, some authors believe that intraoperative lymph node dissection may not be essential, especially in the surgical treatment of typical carcinoid tumors. [7] Wurtz et al. [8] reported that systematic nodal dissection showed a high frequency of unpredictable lymphatic spread, mainly in the typical carcinoid group. A growing number of reports are emphasizing the potentially curative effect of systematic nodal dissection even in typical carcinoid tumors. [8] [9] [10] We also believe that surgical resection of carcinoid tumors and complete systematic lymph node dissection is necessary to determine possible lymph node metastasis. In our study, all patients underwent systematic mediastinal lymph node dissection. status is an important prognostic factor in predicting survival and systematic nodal dissection is mandatory to treat carcinoids with curative intent.
Concerning the type of resection, some authors believe wedge resection to be safe for small peripheral typical carcinoid tumors. [7] Fox et al. [11] stated that, compared to lobectomy, sublobar resection is not inferior in regarding survival in typical carcinoid patients. But there are reports that sublobar resections may be related with locoregional recurrence, and high probability of missing eventual N 1 lymph nodes. [3, 9] Aydin et al. [4] reported that overall survival was lowest in the wedge group. Therefore, we also recommend completion lobectomy when frozen section is tumor free but paraffin positive, in case of wedge resection cases. Carcinoid tumors are malignant neoplasms and should be treated with anatomical resection. Nonanatomic resection was not performed in our study. The latest publications also noted that parenchyma-sparing resections are suitable for proximal carcinoid tumors. [12] In conclusion, we demonstrated that atypical presentation (p= 0.005), and nodal invasion (p= 0.008) were both negative prognostic factors. Prognosis does not seem to be related to sex (p= 0.433), age (p= 0.474), smoking history (p= 0.726), comorbidity (p= 0.062), central or peripheral localization (p= 0.717), or T status (p= 0.300). For optimal oncological results, an anatomic lung resection associated with systematic mediastinal lymphadenectomy is crucial.
